The Dirac equation with potentials having attractive and repulsive parts is con sidered in a simplified model and approximate semiempirical mass formulae for the ground state binding energy of a Λ in hypernuclei are derived and discussed.
Introduction
In recent years it became possible by means of (n + ,K + ) experiments to determine 1 the binding energies of the Λ particle in its ground and excited states for a number of hyper nuclei ranging from^Be up to ^Y.
These results can be analysed by using either non-relativistic or relativistic quantum mechanics 2 " 6 . In this work we shall use the latter kind of analysis. In the following section the formalism used .following ref. 7 ,is described. In the third section the results for the ground state wave functions and the eigenvalue equation are given in a simple model. In section 4 the asymptotic expression for the ground state binding energy for the Λ particle is given and compared with the non-relativistic one. An (approximate) relativistic semiempirical mass formula for Β Λ is also given which appears to be fairly satisfactory even for rather small values of the mass number (A»16). In the final section numerical results are given and comments are made.
The formalism
It is assumed that the differential equation governing the motion of the Λ-particle in hyper nuclei is the following Dirac equation 4, 5 [cap +ßMC 2 +ßU s (r)+U v (r)]Ui -ΕΦ
where the average Λ-nucleus potential is composed of an attractive component U s (r) and a repulsive component U v (r). μ is taken here to be the Λ-core reduced mass. + Presented by C.G.Koutroulos
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The Dirac equation can be reduced to the following pair or radial differential equations.
where k=±(j+1/2) , j=l+l/2 and
The potentials U + (r) and U.(r) are defined as follows:
U_(r) = U s (r) -U v (r) (7)
The pair of radial differential equations (2)-(3) is reduced to a second order differential equation of the Schrodinger type i.e. 4 )
where the central part of the potential is
while the spin orbit part is given by the expression
It should be noted that the potentials V^^ and V s 0 depend on r as well as on Β Λ i.e. they are energy dependent.
The large G(r) and small F(r) components may be expressed in terms of g(r) as follows:
In the following we shall apply the above formalism to the rectangular potential model.
Rectangular Potential shapes
We assume that the potentials U + (r) and U_(r) are of rectangular shape with the same radius R and depths D + and D_ respectively i.e. U ± (r) = -D ± (l-9(r-R)]
where 9(r-R) is the unit step function.
The ground state (1=0 , k=-1) wave functions may be obtained analytically in a way similar to that for the usual Dirac equation. The result is:
-n 0 (r-R)
The constant N 0 is determined by using the normalization contition 
• Π = { -(D + -B,)[l-{B,+ü_){Z\icn-l ]) m (18) fi 2
The eigenvalue equation (16) will be used in the following section to obtain approximate explicit expressions for Β Λ .
Approximate semi-empirical mass formulae for the ground state binding energy of the Λ
Following a method analogous to the one used for the non-relativistic case by D.D.Ivanenco and N.N.Kolesnikov 8 and also by J.D.Walecka 9 the eigenvalue, equation (16) can be solved approximately for the ground state binding energy B gs -= Β Λ if the radius R is sufficiently large.Thus, various approximate expressions for Β Λ as functions of the mass number of the core nucleus A core may be derived. These play the role of (approximate) relativistic "mass formulae". We mention two of these "semi-empirical mass formulae".
More complicated expressions may be also derived 10 .
i) The asymptotic expression for Β Λ Β Γ-"*" -7-
where R = r 0 A core . The above formula which is valid for very large values of R looks-like the non-relativistic one except that the effective mass m* of the A-particle:
(20) 2mc 2 appears instead of its usual mass m.
ii) An improved expression for Β Λ An expression which gives fairly satisfactory values for Β Λ even for rather small values of A core is tne foHowing: 190
The quantity η 0 is estimated from (17) with B A «D +
Numerical results and comments:
The potential parameters have been determined by an (unweighted) least-square fitting of experiments, is made by using various Λ-nucleus potentials. The r.m.s. radii of the orbits of the Λ-particle are also determined^ the case of the Woods-Saxon potential.
Introduction
The relativistic treatment of Λ hypemuclei discussed recently 1,2 has the advantage that approximate analytic expressions for Β Λ can be obtained but it has also the disadvantage that the assumed rectangular shapes of the potentials are quite unrealistic, in particular for lighter hypemuclei. Thus, we have extended our phenomenological relativistic treatment to other potentials like the Gaussian 3, 4 or the Woods-Saxon 3,5 e.t.c. The former is expected to be suitable for the lighter hypemuclei while the latter should be quite a realistic representation of the average Λ-nucleus potential for a wide range of mass numbers. Our results concerning the parameters of these potentials, the binding energies of the Λ particle in various hypemuclei in the ground and excited states as well as the mean square radii 6 of the orbits of the Λ particle are given in the following sections. More results can be found in references 3-6.
Potential shapes and parameters.
In this section we give the values of the potential parameters of the various potentials, some or all of which were determined by a least square fitting procedure, using the experimental values of the binding energies for the ground state of the Λ in hypemuclei displayed in table 1 of the preceding contribution. This potential has been used in ref. (9, 10) for the non relativistic treatment of hypernuclei, where its region of validity is discussed.The potential parameters in this case are: D + =39.7
MeV, D_=201.6 Mev, r Q =0.98 fm.
Using the parameters of these potentials we have calculated in each case the binding energies of the ground and excited states of various hypernuclei and the results are shown in fig. 1 .
Root mean square radii of the orbits of the Λ-particle in hypernuclei.
Using the wave functions G(r) and F(r),we have calculated in the case of the Woods-Saxon potential, the root mean square radii of the orbits of the Λ-particle in hypernuclei in the ground state 1s 1 /2 and also in the excited states 1p 3 , 2 and 1p 1 , 2 by means of the formula 
For the 1 s state we have the approximate formula (8) for the determination of the r.m.s. radii. The Δ is given by the formula
A 5p = B A (1s)-B A (1p) (9)
The results obtained with the exact and approximate formulae, (7) and (8), respectively, are given in table 1.
Comments
Our results concerning the binding energiers Β Λ of the ground and excited states of the Woods-Saxon potential are in a very good agreement with the experimental results of Chrien 11 . This is in agreement with the findings of the non-relativistic treatment of ref. 12. It should be noted also that the symmetrized Woods-Saxon potential gives very close results with those of the Woods-Saxon potential. The results are not so good with the other potentials for the excited states.
In this contribution we gave also an estimate of the root mean square radii of the orbits of the Λ-particle in hypernuclei. The calculations were performed using the Woods-Saxon potential and they refer to the ground state as well as the excited states 1p 3/2 and 1p 1/2 · In the ground state the r.m.s. radii were also calculated using the approximate formula (8) (coll. (1)). Comparing these values with the "exact" ones, given in col.(l) of the same 
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